Abstract. Microalgae has gained immense interests as the raw material for biofuel production. The lipid content in microalgae can be converted into biodiesel through conventional method which involves separated process of extraction and transesterification. In this study, the production of biodiesel from Spirulina sp. was performed through one-step extraction-transesterification using KOH as base catalyst to simplify the production of biodiesel. The mixture of methanol-hexane was employed as both solvent and reactant in the process. The resulting biodiesel was found to be mainly composed of methyl oleate and methyl palmitate. On the other hand, increasing the reaction temperature and reducing the quantity of methanol in solvent mixture would also increase the yield of biodiesel. The optimum methanol-hexane volumetric ratio and temperature which gave the highest biodiesel yield were 3:7 and 50 o C, respectively.
Intoduction
The proliferating growth of population followed by the rapid development of technology has resulted in an increase in energy demand from industrial sector, transportation, to household [1] . Until now, the nonrenewable fossil fuel has been opted as the main source of energy in many parts of the world with the limitation in availability [2] . The increasing demand which does not correspond with the depleting fossil fuel resources has promoted many attempts to develop renewable energy sources [3] . In the recent years, the search for alternative fuel is growing quite rapidly. This new and renewable energy search is not only intended to reduce dependence on fossil fuels but also to reduce greenhouse gas emissions [4] . One of the alternative renewable energy sources is derived from biomass or commonly referred to as biofuel [5] . Agricultural products such as corn, soybeans, and cassava can be used to produce biofuels such as bioethanol and biodiesel. However, the use of agricultural products in the manufacture of biofuels raises several problems as it can increase global food prices and cause damage to the soil nutrient cycle [6] . Hence, new raw materials for biofuel production are vastly required.
Microalgae is one of the most potent raw materials for biofuel development [7] . These unicellular species contain fat, carbohydrates, proteins and other compounds that can be utilized to produce biodiesel through extraction and transesterification processes [8] . Microalgae have several advantages over other biomasses such as higher photosynthetic efficiency, higher biomass production and rapid growth, high lipid content, and do not require large areas to breed [9] . By those advantages, microalgae are suitable as agent for accelerating the growth rate of fish, which is the similar effect of micro bubble generator application in fish farming [10] . Moreover, microalgae can be used to produce several renewable fuels such as biodiesel, bioethanol, biohydrogen, methane, and syn-gas as presented in Fig. 1 [11] .
Among the option as seen in Fig. 1 , the conversion of microalgae biomass into biodiesel seems attractive. Biodiesel is a mono-alkyl ester of long chain fatty acids from conventional and non-conventional animal oils and fats [12] . Biodiesel has several advantages compared to petro-diesel as it is renewable, non-carcinogenic and nonmutagenic, biodegradable, soluble in petroleum diesel, lubricating ability, high cetane number and absence of aromatic compounds [13] . Biodiesel can also reduce emissions of carbon monoxide (CO), hydrocarbons (HC), and particulates in waste gas compared to diesel petroleum, thus benefiting the environment [14;15] . Biodiesel production from microalgae is usually carried out in two stages. In the first stage, microalgae are extracted by mechanical and chemical means. Subsequently, the microalgae oil undergoes transesterification with alcohol with the aid of an acid or base catalyst to form biodiesel and glycerol as a byproduct [16] . The base catalyst is often used to increase reaction rate. Moreover, the conversion is higher than when using an acid catalyst [17] . (2018) https://doi.org/10.1051/matecconf/201815603009 RSCE 2017 Fig. 1 . Framework of microalgae biomass utilization as renewable energy source [10] In this study, biodiesel is produced from microalgae through a single stage extraction and transesterification process using methanol-hexane mixture. The process employed in this study reduces the number of steps in the preparation of biodiesel in the conventional method, that is by removing the extraction step and that the extracted oil is in direct contact with the alcohol. Hence, alcohol acts both as a solvent and reactant. By using fewer steps, the production of biodiesel using this process will simplify the biodiesel manufacturing process and reduces the manufacturing cost [18] .
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Materials
Spirulina sp. used as raw material was originated from Lamongan, East Java. Methanol (CH3OH) used as a solvent and reactant in biodiesel synthesis reaction was purchased from CV. General Labora, Yogyakarta. Hexane (C6H14) used as a solvent and potassium hydroxide (KOH) used as a base catalyst was also purchased from CV. General Labora, Yogyakarta.
Biodiesel synthesis
Spirulina sp., as much as 150 g, were weighed using digital analytical balance. Methanol and hexane of 500 mL were prepared, with a methanol-hexane volumetric ratio of 1: 1. As much as 0.2 g of KOH catalyst was dissolved with prepared methanol. Methanol, KOH, and hexane which have been prepared were put into a three-necked flask. Microalgae were then also put into a three-neck flask. The cooling water stream and stirrer were switched on and set at 800 rpm. Heater stove was set to the reaction temperature of 45 o C. After 2 hours of running, the mixture was cooled to room temperature and then filtered to separate the filtrate from the formed cake. The filtrate, which comprised of 2 layers of glycerol at the bottom and biodiesel at the top layer was evaporated to recover methanol and hexane.
A similar procedure was repeated with reaction temperature of 35 and 50 o C and a variation of methanolhexane volumetric ratio of 3:7 and 7:3 as with a fixed solvent volume of 500 mL.
Data analysis
Yield of biodiesel was calculated by using Equation (1) .
Where mb denotes mass of biodiesel (gram) and mm denotes mass of microalgae (gram). Methyl ester component in biodiesel from Spirulina sp. was analysed by using GC-MS to determine the constituent compounds.
Results and discussion
The determination of fatty acid present in biodiesel derived from Spirulina sp. is a very important parameter to determine since it can define the properties of biodiesel such as molecular weight and cetane number (CN). The result of GC-MS analysis of the biodiesel produced from Spirulina sp. is presented in Fig. 2 and Table 1 . It can be seen that biodiesel derived from microalgae mainly composed of methyl oleate with a percentage of 45.10%, followed by methyl palmitate and significantly lower percentage of methyl linoleate and methyl stearate.
Fig. 2. Result of GC-MS analysis of biodiesel derived from
Spirulina sp. Methyl oleate has been used to enrich biodiesel fuels as it can improve biodiesel properties [19;20] . Moreover, Knothe [21] found that the CN of methyl oleate exceeds the minimum standard value in ASTM D6751. The presence of methyl oleate as fatty acid in biodiesel has been shown to reduce regulated hydrocarbon as well as CO emission compared to the other fatty acid methyl ester. However, further studies are required to test the quality and properties of the resulting biodiesel from Spirulina sp.
Effect of methanol-hexane volumetric ratio
The effect of methanol-hexane volumetric ratio on biodiesel yield is presented in Table 2 . Table 2 shows that the higher amount of methanol added to the methanol-hexane mixture as the solvent decreased the yield of biodiesel, although insignificantly with an order of 10 -4 . The decline in biodiesel yield is due to the decline of the microalgae oil extracted by the solvent. Non-polar oils are more prone to be extracted by solvents that have the same polarity (like dissolve like) that, in this case, is by hexane. The solvent mixture with higher hexane fraction extracted more oil, which then reacted with methanol. Methanol is not effective as a solvent because it is a polar compound so that it cannot extract microalga oil as efficient as hexane. Hence, the addition of hexane which is a non-polar compound as cosolvent can increase the mass transfer of oil from microalga to solvent mixture [22] . Table 3 presents the result of reaction temperature variations on biodiesel yield. As the process temperature rose, the biodiesel yield would also rise. The highest biodiesel yield of 0.6870% was achieved at 50 o C. The increase in yield can be ascribed to higher oil temperatures which allowed solvents to extract more oil. In addition, higher temperatures would also increase the interaction between reactants [18] . However, the temperature was limited to 50 o C for the safety of experiment. 
Effect of reaction temperature
Conclusions
One-step extraction-transesterification of Spirulina sp. using methanol-hexane mixture was able to simplify the production of biodiesel. Methyl oleate and methyl palmitate was found to be the main components of biodiesel derived from Spirulina sp. The use of hexane as co-solvent in extraction-transesterification was able to improve the extraction of algal oil hence increasing biodiesel yield. Increasing the quantity of methanol in the solvent mixture reduced the yield of biodiesel. However, increasing the reaction temperature would increase the biodiesel yield. The optimum methanol-hexane volumetric ratio and temperature which gave the highest biodiesel yield were 3:7 and 50 o C, respectively.
